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1. Abstract 
Objective: Despite the fact that Autism Spectrum Disorder (ASD) is a common 
psychiatric issue and an abundance of research is available, knowledge about special 
symptomatic and behavioral features in respect to the female sex/gender is still 
scarce. The present study ‘The Female Variation of Autism Spectrum Disorder - A fMRI 
Study’ aimed to investigate neural correlates of recognition and interpretation of 
complex social emotions in women and girls with ASD and compare results to typically 
developed girls and women. 
 
Participants & study procedure: Groups of 9 female individuals with high functioning 
ASD and 9 healthy female controls were compared during two fMRI paradigms, one 
examining physical pain and one investigating 'social pain' in form of the complex 
social emotion of empathic embarrassment. Participants were asked to rate multiple 
pictures according to how physically painful they thought a situation was for another 
person or to how embarrassed they thought a depicted protagonist felt in either a 
situation, in which he/she was aware of the embarrassment, or a scenario, in which 
the target person was not aware of the fact that something embarrassing was 
happening. 
 
Results: Comparing the healthy control group with the individuals affected by ASD, no 
differences in their judgment and therefore their ratings towards the levels of physical 
pain were found. However, the fMRI scans showed lower activation of the anterior 
insula and brainstem in subjects affected by autism compared to controls. For the 
socially painful situations, there was a significant difference between groups especially 
for the stimuli depicting unaware embarrassment situations, with typically developed 
females rating these scenarios as less embarrassing while ratings of girls with ASD 
remaining high, suggesting they had difficulties taking on the other person's 
perspective. On a neural level, compared to controls the ASD-group exhibited lower 
activation of the left insula, an important part of the brain’s network for processing 
social-emotional clues. 
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Conclusion: Females with high functioning ASD are able to distinguish physically and 
socially painful situations as such. Their brain scans show signs of vicariously 
experienced emotions by activation of neural pathways known to process social-
emotional matters. However, the neural activation of some important regions, 
especially the anterior insula, is less intense than in healthy controls. This suggests that 
individuals with ASD have difficulties entirely taking over a person's perspective and 
realizing that someone can't feel embarrassed about something he/she is not aware 
of. 
 
 
 
2. General Introduction / Theoretical Background 
 
2.1 Autism Spectrum Disorder 
Autism Spectrum Disorder (ASD) is a disorder distinguished by heterogeneous 
symptoms that goes along with great limitations and impairments for the 
affected persons and their families. Patients show deficits in two core domains: 
social interaction, including verbal as well as non-verbal communication and 
stereotyped, repetitive behaviors and interests. An important criterion for ASD 
diagnosis is the first manifestation of symptoms in early childhood. 
 
2.1.1 Classification 
In one of the most utilized handbooks for the classification of psychiatric 
diseases, the International Classification of Diseases, 5th edition (ICD-10) 
(World Health Organization, 2010), autism is assigned to the chapter 
'Pervasive Developmental Disorders' (F84, ICD-10), where diagnostic 
criteria for Childhood Autism (F84.0, ICD-10), Atypical Autism (F84.2, ICD-
10) and Asperger Syndrome (F84.5, ICD-10) can be found. The chapter also 
includes Rett-Syndrome (F84.2, ICD-10), Other Childhood Disintegrative 
Disorder (F84.3, ICD-10), Overactive Disorder associated with Mental 
Retardation and Stereotyped Movements (F84.4, ICD-10), Other Pervasive 
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Developmental Disorders (F84.8, ICD-10) and Pervasive Developmental 
Disorder, not otherwise specified (F84.9, ICD-10).  
In the new edition of the other leading compendium, the Diagnostic and 
Statistical Manual of Mental Disorders, 5th Edition (DSM V) (American 
Psychiatric Association, 2013), a new category for 'Autism Spectrum 
Disorder' was implemented, reflecting the current scientific consensus that 
autistic dysfunctions are not separate disorders but a single condition with 
differences in symptom severity (APA, 2013).  
Due to the current and ongoing shift in nomenclature, 'ASD' and 'autism' 
will be used synonymously in this dissertation. 
 
2.1.2 Diagnosis 
The diagnostic process is complex, as Autism Spectrum Disorder is mainly 
diagnosed behaviorally. Every consultation should incorporate a thorough 
exploration and assessment of the patient by an experienced clinician. An 
extensive medical history, as well as family history is essential, 
accompanied by a physical and neurological examination of the patient. 
Differential psychiatric and somatic diagnoses have to be excluded before 
an ASD diagnosis can be confirmed, the importance of this matter is due to 
the fact that treatment strategies vary significantly depending on the 
psychiatric or somatic differential diagnosis. Single or multiple symptoms of 
ASD can also occur within the clinical presentation of other psychiatric and 
developmental disorders – such as intellectual disability, language disorders 
or attention deficit hyperactivity disorder (ADHD) (for reviews see: Taurines 
et al., 2012; Norbury et al., 2014; Simms et al., 2015; or a brief report by 
Abdallah et al., 2011) or somatic disorders, e.g. metabolic diseases or 
blindness (for an overview see: Kayser, 2008; Hoevenaars-van den Boom et 
al., 2009). Therefore, differential diagnostical thinking is essential and 
additional psychological testing, as well as genetic and/or metabolic work-
ups can be necessary.  
As ASD is often accompanied by cognitive impairment, an assessment of 
cognitive abilities and intelligence is indispensable, in order to see the 
9 
 
whole clinical picture and be able to advise on adequate treatment options. 
Testing can for example be accomplished using the Wechsler Intelligence 
Scale for Children (WISC) or Adults (WAIS) (Petermann & Petermann, 2008), 
as well as by utilization of non-verbal intelligence scales, such as e.g. the 
Snijders-Oomen Non-verbal Intelligence Scale-Revised (SON-R) i.e. 
(Snijders, Snijders-Oomen, 1970 &1976). 
As for ASD-specific measures, currently there are two 'gold standard' 
diagnostic instruments to obtain the above mentioned extensive sample of 
a patient’s behavior, manner and reactions. Firstly, there is the Autism 
Diagnostic Observation Schedule (ADOS), a standardized set of structured 
and semi-structured activities involving social interaction between 
examiner and patient (Lord et al., 2012; Lord et al., 2000; Lord et al., 1989). 
Five modules of the ADOS are available, covering the whole spectrum of 
development with age-appropriate tasks, from a very young age (Toddler-
Module) and no active speech (Module 1), across speech in short sentences 
(Module 2) and fluent speech for children and adolescents (Module 3), to 
fluent speech in adults (Module 4). Secondly, there is the Autism Diagnostic 
Interview-Revised (ADI-R), a standardized clinical interview conducted with 
the parents, measuring the patient’s behavior in reciprocal social 
interaction, communication, language and stereotyped patterns of activity 
in childhood and at the current point in time, with a special focus on ages 4 
and 5 years old (Le Couteur et al., 1989; Rutter, Le Couteur & Lord, 2003).  
As a screening measure or for purposes of follow-up monitoring during 
treatment, other instruments can be applied, such as the Social 
Responsiveness Scale (SRS) (Bolte, Poustka & Constantino, 2008; 
Constantino et al., 2003) and the Marburg Rating Scale for Asperger 
Syndrome (MBAS) (Kamp-Becker, Mattejat, Wolf-Ostermann & 
Remschmidt, 2005). 
 
2.1.3 Epidemiology 
Prevalence for Autism Spectrum Disorders is currently found around 0,6-1% 
(Baird et al., 2006; Duchan & Patel, 2012; Elsabbagh et al., 2012; 
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Fombonne, 2003, 2009; Newschaffer et al., 2007), which adds them to the 
common psychiatric disorders in childhood (Geschwind, 2009).  
In many cases ASD is associated with cognitive impairment. Epidemiological 
surveys found prevalence rates of 40 – 55% for mental retardation (MR) in 
autism (Newschaffer et al., 2007). If a child is affected by ASD and MR, 
clinicians commonly use the term “Low Functioning Autism” (LFA) to 
describe the combined disorder. Vice versa, ASD without MR is often 
referred to as “High Functioning Autism” (HFA, IQ>70).  
Another consistent epidemiological finding is the predominance of male 
ASD cases. The male:female ratio averages at 4-5:1 when all ASD diagnoses 
are taken into account, but increases to about 10:1 in cases of high 
functioning ASD and decreases to 2:1 in affected individuals with moderate 
to severe intellectual disability (Cheslack-Postava & Jordan-Young, 2012; 
Dworzynski, Ronald, Bolton & Happe, 2012). However, some researchers 
are stating a decrease of the male predominance in ASD, finding 
male:female ratios closer to 2-3:1 and considering females with autism 
under-identified to date (Lai et al., 2015). 
A recent surveillance summary of the US Autism and Developmental 
Disabilities Monitoring Network (Baio, 2014) reported increasing 
prevalence rates for ASD, especially in children with average or above 
average IQ. They also found differences concerning ethnicity, with white 
children being approximately 30% more probable than black children and 
about 50% more likely than Hispanic children to be identified with ASD 
(Baio, 2014). Researchers suggest that this trend might be due to 
improvements in awareness and recognition of the diagnosis in most parts 
of the world, while at the same time the definition and diagnostic criteria 
are being revised, which might make it more likely for certain persons or 
groups to be diagnosed (Baio, 2014; Fisch, 2013; Miller et al., 2013). 
 
2.1.4 Etiology 
Autism is a complex neurodevelopmental disorder with a strong genetic 
liability (Geschwind, 2009). The most established risk factors for ASD are 
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older parental ages, having an affected sibling and male sex (Anello et al., 
2009; Cheslack-Postava & Jordan-Young, 2012; Lampi et al., 2013). It is not 
yet entirely understood which mechanisms in an affected individuals 
genotype cause the autistic impairments. Researchers report that defined 
mutations and genetic lesions, de novo copy number variations (CNV) and 
known genetic syndromes most likely account for about 10 – 20% of ASD 
cases (Abrahams & Geschwind, 2008).  
According to Remschmidt & Kamp-Becker (2006), the pathogenesis of ASD 
requires complex interactions of genetic, neurobiological and 
neuropsychological factors.  
 
 
Figure 1: Model concept for the etiopathogenesis of Autism Spectrum Disorder 
(adapted from: Remschmidt & Kamp-Becker, 2006). 
 
ASD is associated with impairments of basic brain functions, resulting in 
deficits in interpersonal and communicative abilities (Remschmidt & Kamp-
Becker, 2006). 
It has been understood and frequently described, that increased 
attentiveness to certain components of objects (e.g. the surface of a ball or 
the wheel of a toy car) rather than the object as a whole and difficulties to 
distinguish the informational content of actions or communication are 
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problematic for autistic individuals in everyday life (Dakin & Frith, 2005; Hill 
& Frith, 2003). 
 
 
 
Figure 2: Theoretical concepts about neural impairments in Autism Spectrum 
Disorder (adapted from: Remschmidt & Kamp-Becker, 2006). 
 
Some studies show abnormalities in brain structure and growth trajectory 
of children (Courchesne et al., 2001; Courchesne, Carper & Akshoomoff, 
2003) and adults with ASD (Murphy, Beecham, Craig & Ecker, 2011), 
presenting evidence that differences in neuronal transmitters (serotonin, 
glutamate and GABA) might be partially responsible for these 
abnormalities. Nordahl et al. (2012) reported increased brain volumes and 
an enlarged amygdala in children with ASD during certain stages in early 
childhood. Longitudinal studies of brain growth show evidence that in 
individuals with ASD, a period of overgrowth during early childhood might 
be followed by phases of a quickened loss of brain volume in adolescence 
and adulthood compared to typically developed controls (Lange et al., 
2015). One of the reasons for age-related declines in total brain volume in 
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ASD patients might be the reduction of cortical thickness (Ecker et al., 
2014).  
On a microscopical level, histological studies show that disorders of the 
autism spectrum might be associated with anomalies in the columnar 
organization of the cortical neurons (Ecker, 2016).  
In addition, there is evidence for unusual neural connectivity in ASD, with 
long-range connections between different brain lobules being reduced or 
disconnected in individuals with autism (Geschwind, 2009; Geschwind & 
Levitt, 2007). Frazier and Hardan (2009) found decreased volume of the 
corpus callosum in children with ASD, supporting the reduced connectivity 
theory. Another study (Hadjikhani, Joseph, Snyder & Tager-Flusberg, 2006) 
reported evidence of cortical thinning in areas known to be important for 
the Mirror Neuron System (MNS) and in areas involved in emotion 
recognition and social cognition in males with ASD. Hadjjikhani et al. 
analyzed that the amount of decrease in gray matter was correlated with 
ASD symptom severity and suggested that autistic impairments might 
partially be caused by abnormal thinning of the MNS and social cognition 
networks (Hadjikhani et al., 2006).  
Overall, it has to be mentioned that studies investigating neural 
connectivity in individuals with ASD show heterogeneous results (for a 
review see: Uddin et al., 2013 a). Uddin et al. (2013) therefore suggest that 
age-related factors and possible changes in brain connectivity, i.e. hyper-
connectivity in younger stages of life and hypo-connectivity in older ASD-
patients, need to be taken into account and further investigated.  
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Figure 3: Functional connectivity in children and adults with ASD. 
Research regarding functional connectivity using resting state MRI provides 
evidence for hyper-connectivity in children with ASD in opposition to hypo-
connectivity in adults with ASD.  The figure presents a schematic model of two 
theoretically possible scenarios explaining a shift from hypo- to hyper-connectivity 
during development. The solid red line shows scenario 1 as a higher starting point 
with a less steep increase in functional connectivity in the ASD group compared to 
the TD group. The dashed red line depicts scenario 2 as a placeholder for some 
kind of abnormal pattern of connectivity development during puberty in ASD- 
compared to TD-adolescents. To further understand and connect the findings of 
childhood and adulthood connectivity patterns in subjects with ASD, longitudinal 
studies investigating the pubertal phase, shown here as a gray oval, will be 
necessary. (from: Uddin et al., 2013 a, p.6) 
(ASD = autism spectrum disorders; TD = typical development; MRI = magnetic resonance 
imaging) 
 
In an associated study executed in 2013 (Uddin et al., 2013 b) the research 
team examined connectivity of large-scale brain networks in children with 
ASD compared to typically developed children and found hyperconnectivity 
in salience-networks especially. The results were significant to an extent 
where it was possible to discriminate children with ASD from TD children 
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with 75% sensitivity and 80% specificity by studying the level of 
connectivity in their salience-networks (Uddin et al., 2013 b). 
Recent results of another study investigating neural connectivity in patients 
with ASD and typically developing subjects during different stages of 
development (childhood, adolecence, adulthood) showed indications that 
connectivity within large scale brain-networks might be hyperconnected in 
people with ASD, while connectivity between  networks is decreased in 
some stages of life (Nomi & Uddin, 2015). 
In summary, there is strong evidence for atypical brain development and 
brain functioning in individuals with ASD compared to typically developing 
boys and girls. 
  
2.1.5 Etiopathogenesis and gender/sex 
Ever since Leo Kanner (1943) and Hans Asperger (1944) first described 
autistic disorders, it was evident that the majority of cases was of male 
sex/gender. Many theories have been developed as to what might be the 
cause of this observation and whether investigating this characteristic 
feature might lead to etiopathological explanations for ASD. Baron-Cohen 
(2005) supported the 'extreme male brain'-theory (EMB) of autism. He 
stated that two important dimensions for understanding human sex 
differences are the abilities for 'systemizing', meaning "the capacity to 
predict and to respond to the behavior of *…+ systems by analyzing input-
operation-output relations and inferring the rules that govern such 
systems" and 'empathizing', defined as "the capacity to predict and to 
respond to the behavior of agents (usually people) by inferring their mental 
states and responding to these with an appropriate emotion" (Baron-Cohen 
et al., 2005, p. 819). Baron-Cohen suggested that the typical male brain is 
significantly better in systemizing than empathizing and the typical female 
brain, in his opinion, was being defined as having the opposite cognitive 
profile. Using these definitions, he argued that autism can be considered as 
an extreme version of the normal male profile (Baron-Cohen, 2002). By the 
same group of researchers, it was then hypothesized that higher levels of 
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fetal testosterone during pregnancy might moderate this 'hyper-
masculinization' and therefore be a cause of ASD. In one study, they found 
fetal testosterone to be negatively correlated to quality of social 
relationships and positively correlated to restricted interests in boys 
(Knickmeyer, Baron-Cohen, Raggatt & Taylor, 2005).  
In 2009, Auyeung et al. investigated the empathic and systemizing abilities 
of children with and without an ASD-diagnosis. They were able to show 
that with regard to the control group of typically developed children, girls 
reached higher Empathy Questionnaire (EQ) scores, whereas boys scored 
higher on the Systemizing Questionnaire (SQ). Within the group of autistic 
children, both sexes scored high on the SQ, significant gender differences 
could not be found. The authors argued that, irrespective of sex, children 
with ASD show tendencies toward a 'hyper-masculinized' profile (Auyeung 
et al., 2009).  
However, there has also been a lot of criticism regarding the EMB-theory. 
Many researchers (Cheslack-Postava & Jordan-Young, 2012; Grossi & Fine, 
2012) believe that Baron-Cohen’s approach is too one-dimensional and 
lacks scientific evidence. In line with those propositions, Bejerot et al. 
(2012) found that women with ASD indeed had elevated testosterone levels 
compared to healthy controls and displayed some masculinized features, 
but that affected men had normal testosterone levels and even exhibited 
some feminized characteristics. They suggested that ASD may be a gender 
defiant disorder.  
Other theoretical explanations for the predominance of male cases, such as 
X- and Y-chromosome related theories or speculations of reduced 
autosomal penetrance in females (Baron-Cohen et al., 2011), as well as 
protective effects of paternally-imprinted X-linked genes (Skuse, 2000) have 
been discussed (for a review, see: Rivet, 2010).  
Judging from their finding that healthy siblings of female ASD-patients 
showed significantly more autistic traits than siblings of affected boys, 
Robinson et al. (2013) suggested that, because of a sex/gender-linked 
protective effect, girls might have a higher threshold for autistic behaviors 
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and may require a greater familial predisposition and etiological load for an 
autistic disorder to manifest itself.  
 
            
Figure 4: Multiple-threshold model. 
Minimum etiological liability needed to cause Autism Spectrum Disorder (ASD) 
might be higher in females than males (adapted from: Werling & Geschwind, 
2013). 
 
A study by Murphy et al. (2011) adds to the theory of the excistence of a 
'female protective effect'. Examining male and female ASD patients with 
comparable symptom severity, they identified significantly greater 
neuroanatomical abnormalities in structural MRI brain scans of female 
subjects. The authors interpreted this observation as evidence for the 
female brain being 'protective' in terms of ASD expression. 
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Figure 5: Multifactorial liability model. 
Possible general pathogenetic factors for Autism Spectrum Disorder (ASD), 
including female protective effect and male-specific increased risk (from: Werling 
& Geschwind, 2013, p.14). 
 
So far, researchers have not been able to confirm or refute one of these 
theories for certain. With ASD being a multi-facetted disorder, it is very 
likely that genetic, biological and neuroanatomical, as well as 
neuropsychological and psychosocial factors interact in complex ways and 
play important roles in the genesis of ASD (Pelphrey, Shultz, Hudac & 
Vander Wyk, 2011; Remschmidt & Kamp-Becker, 2006; Werling & 
Geschwind, 2013). In this context, some researchers (Cheslack-Postava & 
Jordan-Young, 2012) determine that sex/gender needs to be considered as 
a pervasive developmental environment which exists from the very first day 
a child is born and is being implemented through the adult care giver's 
perception of and response to the child, since any social interaction is 
greatly impacted by the individual's sex/gender. Gendered social sequences 
are abundant in an infant’s life and every interaction with its environment 
shapes its neurobiology through gene expressions. It is stated that through 
these processes, males might end up being more likely than females to 
show autistic symptoms (Cheslack-Postava & Jordan-Young, 2012). 
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2.1.5 Comorbidities 
The co-occurence of other disabilities or psychiatric symptoms in children 
with ASD is particularly high. Levy et al. (2010) found one or more 
diagnoses of developmental disorders in 83% of children affected by 
autism. 10% of autistic children in the multi-site surveillance program also 
met criteria for one or more additional psychiatric diagnoses, while 16% 
had a co-occuring neurologic disorder (Levy et al., 2010). 
In a substantial amount of cases, autism is associated with cognitive 
impairment and mental retardation (MR) (Abdallah et al., 2011). Other 
common comorbidities are epilepsy, Attention-Deficit-Hyperactivity-
Disorder (ADHD), mood and anxiety disorders, disruptive and self-injurious 
behavior and sleep problems (Cohen, Conduit, Lockley, Rajaratnam & 
Cornish, 2014; Hofvander et al., 2009; Kopp, Kelly & Gillberg, 2010; 
Lugnegard, Hallerback & Gillberg, 2011; Newschaffer et al., 2007). 
Due to impairments in social competences and being perceived as deviating 
from the general peer group, individuals with ASD are at increased risk of 
becoming victims of bullying and social exclusion (Hebron & Humphrey, 
2013). Children and adolescents who are affected by high functioning ASD 
seem to be most vulnerable. It is hypothesized that the obvious deviation 
from cognitive to social-emotional intelligence in HFA, which is rapidly 
noticed and disapproved of by typically developed children, might be the 
cause for this circumstance (Hebron & Humphrey, 2013). 
Comorbidities can complicate the course of the autistic disability and 
worsen the outcome (Antshel et al., 2011; Sprenger et al., 2013). 
Altogether, ASD are associated with measurable reductions in quality of life 
(Kamp-Becker et al., 2011).  
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2.2 ASD and sex/gender1 
As mentioned previously, one of the most consistent findings in ASD research is 
the preponderance of male patients, with the male:female ratio averaging at 4-
5:1. Although sex/gender disparity in ASD has constantly been reported, for a 
long time research has been focusing on examining boys and men with autism, 
assuming that female patients behave similarly and exhibit the same underlying 
neurobiology (Lai et al., 2013). This assumption may have led to current 
diagnostic criteria and practice being biased toward a male stereotype of ASD, 
which may have implications for affected females, making it more likely for them 
to be un- or misdiagnosed (Dworzynski et al., 2012; Kirkovski, Enticott & 
Fitzgerald, 2013; Lai, Lombardo, Auyeung, Chakrabarti & Baron-Cohen, 2014). 
Studies were able to show that especially girls without cognitive impairment 
seem to be diagnosed at a later age, which can lead to suboptimal treatment due 
to delayed start of specific therapeutic interventions (Begeer et al., 2013; Giarelli 
et al., 2010).  
Even today, after this scientific shortcoming has frequently been pointed out in 
the past few years and is being addressed by researchers, studies conducted with 
female ASD patients are rare. Review data shows a sex ratio of 8:1 (m:f probands) 
in structural MRI-studies and only one of 15 functional MRI-studies includes 
female subjects (Lai et al., 2014). Knowledge about the female peculiarities in 
ASD is still insufficient, as results are often inconsistent. Relations between 
biological, as well as anatomical factors and the psychosocial impairments that 
female patients with ASD suffer from remain uncertain. 
 
2.2.1 Sex/Gender related characteristics in core symptoms 
Multiple studies show that, if controlled for intelligence level, boys and girls 
with ASD do not differ much in regard to the severity of two autistic core 
symptoms as obtained in ADI and ADOS: difficulties in verbal/non-verbal 
                                                 
1
 According to the World Health Organization, the term „sex‟ refers to “the biological and 
physiological characteristics that define men and women”, whereas „gender‟ is defined as “the socially 
constructed roles, behaviors, activities, and attributes that a given society considers appropriate for men 
and women” (cf. http://www.who.int/gender/whatisgender, WHO, 2014). For this dissertation, the WHO 
definition will be adopted. Whenever the two terms are equally important for a certain context or cannot 
be separated, the term „sex/gender‟ will be used. 
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communication and reciprocal social interaction/social affect (Bolte, 
Duketis, Poustka & Holtmann, 2011; Lai et al., 2011; Mandy et al., 2012; 
Szatmari et al., 2012). However, restricted interests, as well as repetitive 
and stereotyped behaviors, seem to be more common and severe in male 
subjects (Bolte et al., 2011; Hartley & Sikora, 2009; Mandy et al., 2012; 
Sipes, 2011; Szatmari et al., 2012; Van Wijngaarden-Cremers et al., 2014).  
In contrast, other studies report girls with ASD to exhibit greater 
communication deficits (Frazier, Georgiades, Bishop & Hardan, 2014; 
Hartley & Sikora, 2009) and lower socio-emotional competence than 
autistic boys (Carter et al., 2007). It was discussed by the authors that this 
finding could be due to parent's higher expectations of their daughter's 
social and emotional competence in comparison to their son's and 
therefore employing a higher threshold, judging similar behavior as less 
competent in girls relative to boys. The significant differences in emotional-
empathic abilities were found in parent-report assessment methods only 
and could not be duplicated in the clinical observations and structured 
interviews, ADOS and ADI (Carter et al., 2007).  
In self-report questionnaires, adult females with high functioning ASD 
described themselves as having less socio-communicative difficulties, but 
more autistic traits than males (Lai et al., 2011). The fact that female ASD 
patients seem to have - at least superficially - better adapted social and 
communicative skills relative to males might contribute to the delay 
between first contact to the health care system and date of diagnosis (Kopp 
et al., 2010; Lai et al., 2011).  
Interestingly, when comparing a group of male and female ASD patients 
with mild to no mental retardation by parent-report in the Autism 
Diagnostic Interview (ADI) at ages 3-5 and later in life, McLennan et al. 
(1993) found that as younger children, the autistic girls were described to 
display fewer deficits in early social and communicative behaviors than 
autistic boys, most notably in the subdomains of social initiative play and 
comfort-seeking and offering. However, as adolescents and adults, the 
same group of females was pictured as having more social problems, 
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particularly in regard to peer relationships (McLennan, Lord & Schopler, 
1993).  
In a large review (Lai et al., 2014), female individuals with ASD were 
described as showing a greater desire to interact with people and have 
better awareness of the need for interaction than males. Women and girls 
also presented a better ability to imitate others in social interactions; 
which, although very exhausting for the patient, may enable them to 
conceal their autistic impairments to a certain degree. In the same review, 
girls were described to have better linguistic abilities and imagination than 
boys. As for interaction with peers they were likely to be mothered in 
primary school, but bullied in secondary school (Lai et al., 2014).  
When investigating friendship quality in 10 – 16 year olds, Head et al. 
(2014) found that a healthy control group scored significantly higher on the 
friendship questionnaire (FQ) than their same sex counterparts with ASD. 
Interestingly, girls with ASD had a very similar FQ profile compared to 
typically developed boys. They exhibited more social skills than male 
children with ASD, but significantly less friendship quality, understanding 
and empathy than their typically developed female peers (Head et al., 
2014). 
Resent research implies that female individuals with ASD deviate further 
from the same sex control group of healthy females than males with ASD 
do from male controls (Baron-Cohen et al., 2014; Lai et al., 2014).  
 
2.2.2 Sex/Gender related characteristics in general psychopathology and 
comorbidities 
Results concerning general psychopathology vary from girls compared to 
boys with ASD being reported to suffer from sleep problems more often, as 
well as symptoms of anxiety and depression (Hartley & Sikora, 2009; 
Solomon, Miller, Taylor, Hinshaw & Carter, 2011) and to show greater 
impairment in developing and maintaining friendships (Kirkovski et al., 
2013), to no findings of sex differences in terms of comorbidities and 
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general psychopathology at all (Hofvander et al., 2009; Lai et al., 2011; 
Lugnegard et al., 2011; Worley, 2010).  
One study indicated that girls with high functioning ASD show a 
significantly higher rate of pre-, peri- and postnatal complications in their 
medical history than boys (Holtmann, Bolte & Poustka, 2007). Many 
females with ASD exhibit relatively unspecific impairments in daily living 
skills and high levels of school dysfunction, often they suffer from bullying 
experiences (Kopp et al., 2010). Boys with ASD were reported to exhibit a 
higher level of externalizing, socially maladjusted and inadequate behavior 
than girls on teacher-report measures (Mandy et al., 2012). Girls scored 
higher on items concerning avoiding demands, interacting more with 
younger children and being careless about their outer appearance in parent 
report questionnaires (Kopp & Gillberg, 2011). 
 
2.2.3 Sex/Gender related characteristics in neurobiology 
Examining neurobiological anomalies, much evidence has been found that 
the neuroanatomy of individuals with ASD differs from typically developed 
controls (for reviews, see: Amaral, Schumann & Nordahl, 2008; Bhat, 
Acharya, Adeli, Bairy & Adeli, 2014; Courchesne et al., 2007; Ecker et al., 
2012). To date, only a few studies investigating sex/gender differences in 
neuroanatomy and neurobiology of ASD patients are available. In one of 
those studies indications were found that brain areas which are known to 
be sexually dimorphic in healthy control subjects, are atypically developed 
in women, but not men with ASD (Lai et al., 2013). In another study, typical 
gender dimorphism discovered by comparing brain scans of healthy males 
and females was found to be attenuated or even absent in individuals with 
ASD (Beacher et al., 2012).  
Many studies have indicated neurobiological deficits regarding social 
functionality in children, adolescents and adults with ASD (Di Martino et al., 
2009; Domes, Kumbier, Herpertz-Dahlmann & Herpertz, 2008; Pelphrey et 
al., 2011).  
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Once again, most of the available research has been conducted with male 
subjects affected by ASD, assuming that autistic females might behave 
similarly, but leaving the facts unknown. 
 
 
2.3 ASD and empathy 
 
2.3.1 Definition of empathy 
When conducting a search in scientific databases, various definitions of the 
term 'empathy' can be found. In the most common use, empathy describes 
the process of taking someone else's perspective, to recognize and 
understand another person's emotional state (Decety & Jackson, 2004). 
Research suggests that empathy is a multi-faceted construct with an 
emotional or affective and a cognitive component, sometimes with an 
added motivational dimension (Decety & Cowell, 2014; Poustka, 2010). 
Cognitive empathy is mainly characterized as the processing of neural 
information necessary to recognize emotions, intentions, needs and desires 
in another human being (Poustka, 2010). Furthermore, it is linked to the 
construct of Theory of Mind (ToM). ToM-related processes allow the 
attribution of mental states to oneself and others (Frith & Frith, 2005). 
Emotional or affective empathy constitutes the perceivers appropriate 
response to the emotional condition of the observed person (Poustka, 
2010), it depicts the "capacity to share or become affectively aroused by 
others' emotions" (Decety & Cowell, 2014, p. 337). However, the emotional 
dimension of empathy, though interacting and operating in parallel, is 
believed to be independent from the cognitive component (Decety & 
Cowell, 2014). Kanske et al. (2015) describe the two concepts very 
comprehensible as empathy being an 'affective route' for the direct sharing 
of someone else’s emotional states and Theory of Mind being part of a 
'cognitive route' for portraying and evaluating other’s feelings and mental 
states. 
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2.3.2 Autistic impairments concerning empathy 
Individuals affected by ASD are known to exhibit impairments concerning 
empathy and ToM-mediated processes (Baron-Cohen & Wheelwright, 
2004). This condition is also referred to as 'Mind-Blindness' by some 
authors, as it is causing the patient to be unable to intuitively know from 
observing people and their expressions what others might think, feel, 
desire or know (Baron-Cohen, 2009; Frith & Frith, 2005; Frith & Happe, 
2005). While in healthy controls egocentrism and higher scores of self-
focused attention are related to higher AQ scores and weaker ToM- or 
mentalizing abilities, in patients affected by autism it seems that better 
introspective functioning and self-focused attention are associated with 
better mentalizing skills (Lombardo, Barnes, Wheelwright & Baron-Cohen, 
2007). Examining empathy in adolescent boys with ASD, Greimel et al. 
(2011) found a deviation of scores in self- and parent-report measures, 
indicating that individuals with high functioning ASD might have good 
inwardly bound empathic abilities, but lack the ability to communicate 
these to the outside world. 
In order to be empathic, it is essential for a person to recognize and 
interpret another human’s emotion or internal state correctly, which is why 
many studies have investigated emotion recognition abilities in subjects 
with ASD. They were able to show that individuals with high functioning 
ASD exhibit no impairments in recognizing simple, basic emotions, such as 
sadness, happiness, fear, anger and disgust (Jones et al., 2011; Tracy, 
Robins, Schriber & Solomon, 2011).  
 
2.3.3 ASD and empathy for complex emotions involving social scenarios 
Newer research focused on the ability of ASD patients for recognition of 
complex emotions and emotions triggered in social situations, such as 
empathic or vicarious emotions (Paulus, Kamp-Becker & Krach, 2013). In 
this context, empathic emotions are explained and defined as processes 
"where perceivers and social target have *a+ shared, 'isomorphic' affective 
experience", whereas vicarious emotions "also include non-shared affective 
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experiences" – for example in a situation where "perceivers feel vicariously 
embarrassed in the absence of embarrassment *…+ in the social target" for 
the reason that it might be "unaware about the ongoing threat to his/her 
social integrity" (Paulus, Muller-Pinzler, Westermann & Krach, 2013, p. 
2&4). In an earlier study involving fMRI, Krach et al. demonstrated that 
subjects, while experiencing vicarious embarrassment, showed activation in 
the same neural networks that are usually active while feeling empathic 
pain when observing physically painful situations. On account of those 
findings the definition of vicarious embarrassment as a kind of 'social pain' 
was introduced (Krach et al., 2011). It was stated, that the ability to conduct 
empathic processes can therefore be seen as necessary to experience 
vicarious emotions, implying that affect and cognition are inevitably 
connected in unimpaired interpersonal interactions (Krach et al., 2011). In a 
second step, a study was executed to investigate the responses of ASD 
patients to experiences of vicarious embarrassment. Male individuals with 
ASD were found to be impaired in seeing through another person's 
intentions and therefore having difficulties reporting vicarious 
embarrassment for complex social situations that involved a high demand 
for mentalizing activities. However, for situations depicting accidental 
mishaps, ASD patients indeed rated on vicarious embarrassment 
comparable to same-sex controls (Paulus et al., 2013). Additionally, there 
was evidence of individuals with ASD utilizing different neuronal pathways 
when evaluating and processing a social situation. Increased hippocampal 
activity suggested that they were consulting memorized situations to figure 
out a new scenario instead of making stronger use of the mentalizing 
network and deciding intuitively, like healthy control subjects did (Paulus, 
Kamp-Becker et al., 2013). 
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2.4 Neurological correlates of social functioning and differences/aberrations in 
ASD 
 
2.4.1 'The social brain' 
A variety of research regarding the human neuroanatomy and its 
functionality has been conducted (for a review, see: Park & Friston, 2013). 
Results have helped develop theories about neuronal networks and their 
functions. As for social perception, Leslie Brothers (1990) was the first to 
describe four connected cerebral areas that he labeled as 'the social brain'. 
Included were the superior temporal sulcus (STS), the orbitofrontal cortex 
(OFC), projecting to the prefrontal cortex (PFC), the fusiform gyrus (FFG, 
located in the ventral occipitotemporal cortex and containing the fusiform 
face area, FFA, which is thought to be important for recognizing and 
processing facial features) and the amygdala (Pelphrey et al., 2011). 
 
  
Figure 6: 'The social brain'  
Depicted according to Brothers description in 1990 (from: Pelphrey et al., 2011, 
p.18). (STS = superior temporal sulcus, PFC = prefrontal cortex, OFC = orbitofrontal cortex) 
 
The amygdala, a complex and strongly interconnected cerebral area, has 
been suspected to help with gaze monitoring (Allison, Puce & McCarthy, 
2000) and analysis of facial expressions (Pelphrey et al., 2011), making it an 
area essential for emotion recognition. Furthermore, the amygdala is an 
important structure when it comes to interpretation of events and 
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emotional arousal, quickly corresponding with other networks within the 
brain and informing about the significance of environmental stimuli 
(Schultz, 2005).  
Examining neuronal networks involved in Theory of Mind, enhanced 
activations were found in the lateral OFC, middle frontal gyrus and cuneus 
(Vollm et al., 2006). Recent studies (Dodell-Feder et al., 2011) and meta-
analyses (Bzdok et al., 2012) convincingly identified a network including the 
temporoparietal junction (TPJ), superior temporal sulcus, temporal poles 
and anterior and posterior midline regions to be in charge during ToM-
tasks. 
Confronted with empathy-inducing stimuli, healthy subjects showed 
comparably high activity in anterior and posterior cingulate cortex (ACC and 
PCC) and amygdala (Vollm et al., 2006). Bzdok et al. (2012) describe a 
network including the anterior insula (AI), ACC, PCC, parts of the 
temporoparietal junction, PFC, right amygdala, thalamus and hippocampus 
to be involved during empathy paradigms.  
ToM and empathy tasks both resulted in activation of a few apparently 
shared neuronal areas, such as medial prefrontal cortex (mPFC) and STS 
(Vollm et al., 2006) and the temporoparietal junction (Kanske et al., 2015).  
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Figure 7: Neural empathy- and Theory of Mind-networks  
(from: Kanske et al., 2015, p.7). 
(ACC = anterior cingulate cortex, AI = anterior insula, dTPJ = dorsal temporo-parietal 
junction, MFC = medial frontal cortex, PRE = precuneus/posterior cingulate cortex, STS = 
superior temporal sulcus, TP = temporal poles, vTPJ = ventral temporo-parietal junction) 
 
Some researchers tried to specifically define the differences between 
affective and cognitive empathy. Using resting state MRI and empathy 
measures, Cox et al. (2012) found that high scores for affective empathy 
(AE) in healthy subjects were linked to better functional connectivity in 
social-emotional regions – the ventral anterior insula (AI), OFC, amygdala 
and anterior cingulate cortex (ACC). Stronger performance on cognitive 
empathy scores was associated with intense connectivity between areas 
associated with interoception, autonomic monitoring and social-cognitive 
processing – brainstem, STS, AI (Cox et al., 2012). The STS in specific was 
found to be an essential neural area for recognition of biological motions, 
as well as integration of the same with underlying intentions (Pelphrey et 
al., 2011). The AI is known to be connected to empathy for physical pain 
(Bernhardt & Singer, 2012; Lamm, Decety & Singer, 2011), as well as social 
pain as a result of of social exclusion (Masten, Morelli & Eisenberger, 2011). 
Paulus et al. (2014) demonstrated that neuronal processing of vicarious 
emotions, e.g. embarrassment on behalf of others, involves the mentalizing 
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network (mPFC, temporal pole and STS), as well as the AI and the ACC 
(Paulus et al., 2014; Paulus, Muller-Pinzler et al., 2013). Krach et al. 
concluded that vicarious embarrassment can be viewed as a form of social 
pain, given that its processing engages neuronal structures (ACC and AI) 
that are also active during observation of physical pain in other people 
(Krach et al., 2011).  
 
 
 
(1) 
 
 
 
(2) 
 
 
 
Figure 8: Neural activation during social and physical pain in previous studies.  
(1) Neural activation of the anterior cingulate cortex (ACC) and the anterior insula 
(AI) during vicarious embarrassment 
(2) Neural activation of the ACC and AI during vicarious physical pain  
(from: Krach et al., 2011) 
 
2.4.2 Neural aberrations concerning social functioning in ASD 
Baron-Cohen et al. (1999) found that healthy, typically developed 
individuals activated the superior temporal gyrus (STG) and amygdala, as 
well as some areas of the prefrontal cortex, when using social intelligence. 
Autistic adults also showed activation in the frontal and temporal regions, 
but not in the amygdala (Baron-Cohen et al., 1999). Reduced neural activity 
in the fusiform gyrus (FFG) during an empathy task involving pictures of 
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emotional faces was correlated with social deficits in male adolescents with 
ASD (Greimel et al., 2010). Additionally, there are reports about 
hypoactivation of the fusiform face area (FFA) in patients with ASD in 
reaction to facial stimuli (Schultz, 2005). The author mentions that it is not 
certain whether this might be a causing factor for ASD or whether it is due 
to a lack of interest in faces from early childhood on that this area is 
underrepresented in individuals with ASD. Pelphrey et al. (2011) found 
evidence for dysfunctions of the STS, suggesting that the process of 
integrating a biological motion (e.g. eye gaze or gestures) with a person's 
intentions is impaired in adolescents and young adults with ASD. 
Results of the study by Krach et al. (2015) indicated that, on a behavioral 
level, patients with ASD are indeed able to correctly classify situations as 
embarrassing for other people. However, on a neural level, they did not 
engage the same pathways as healthy control subjects did during the 
decision processes. Typically developed probands exhibited activity of the 
anterior insula (AI), anterior cingulate cortex (ACC), thalamus, cerebellum, 
inferior frontal and temporal gyrus. Overall activation in individuals with 
ASD was weaker, with a pronounced decrease in the AI cortical area. 
Additionally, subjects affected by ASD showed activation of the 
hippocampus, indicating a use of memorized material to help integrate the 
complex social scenario they were confronted with (Krach et al., 2015). 
Once more it needs to be mentioned, that most neuroimaging studies to 
date have examined male subjects with ASD. For every study including 
females, there are about 8 structual and 15 functional neuroimaging 
studies comprising an exclusively male sample. In studies with a mixed 
sample, the number of male participants usually exceeds the number of 
females considerably (Ecker, 2016). 
 
2.5 Brief general introduction to MRI and fMRI 
Data acquisition and visualization through MRI-processes has been an 
important tool in diagnostics and science for many years, made possible by 
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the discovery of magnetic effects caused by the spin of atomic nuclei, 
which Felix Bloch and Edward Purcell received a Nobel Prize for in 19522. 
MRI scanners produce a strong magnetic field, which causes protons inside 
the body tissues to react and align parallel or antiparallel along the lines of 
magnetic flux. After synchronizing with the magnetic field, protons fall back 
into their original state, creating an induction voltage that can be measured 
as a magnetic resonance signal. Differences in relaxation time (i.e. the time 
an atomic nucleus needs to return to its initial state after being 
magnetized) and varying content of hydrogen ions in different body tissues 
(e.g. connective tissue, bone, muscle) causes magnetic resonance images 
to be rich in contrast and show examined body parts and tissues in a variety 
of black, gray and white colors. One single magnetic resonance image 
depicts a 2-dimensional slice of the examined object. To receive a 3-
dimensional picture, all layers of images need to be taken into account and 
put together. (Pabst, 2013) 
During functional MRI of the brain, changes in blood flow and blood 
oxygenation inside the gray matter are measured. It is thought that 
increased neuronal activity generates locally increased glucose metabolism, 
which is accompanied by increased blood flow as a physiological method to 
provide cells with more glucose and oxygen to create energy (more 
specifically Adenosinetriphosphate, ATP, which is needed to induce action 
potentials and neuronal impulses) (Nalik, read 2014). However, this comes 
with a 'side-effect' of sorts, since the neurons oxygen intake is only raised 
by about 5% during activity (Lehnertz, read 2014), resulting in a subsequent 
intravascular oxygen concentration increase (because of oxygenated blood 
rushing in) and therefore a decrease of deoxygenated blood.  
         
                                                 
2
 For more information see: „The Nobel Prize in Physics 1952“. Nobelprize.org. Nobel Media AB 2014. 
Web. 22 Dec 2014. <http://www.nobelprize.org/nobel_prizes/physics/laureates/1952/> 
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Figure 9: Changes in the neural metabolism.  
Examples for increases in blood flow, glucose utilization and oxygen availability in 
the visual areas of the human brain during a visual stimulus. Note that there is 
only little, if any, increase in oxygen utilization.  
(from: Gusnard & Raichle, 2001, p.2) 
 
Deoxygenated haemoglobin acts a natural paramagnetic contrast agent 
(Ogawa, Lee, Kay & Tank, 1990). Taking advantage of the so-called BOLD-
technique (blood-oxygen-level-dependent technique), the magnetic 
capacity of haemoglobin is utilized to visualize the decrease of 
deoxygenated blood, lighting up areas of high neuronal activity on the 
functional magnetic resonance images (Horwitz, Friston & Taylor, 2000). 
 
 
 
3. Question and hypotheses 
 
The majority of research in autism spectrum disorder has been conducted with male 
subjects, due to the disorders nature to favor males. We do not yet know enough 
about the female variation of ASD, neither on behavioral, nor on neurobiological level. 
It has been frequently pointed out that more scientific investigations about the female 
features and peculiarities are needed to better understand autism, to advance in 
exploring the factors causing autism spectrum disorders and to optimize treatment 
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options. Possible connections between biological and psychosocial factors have not yet 
been sufficiently investigated and many conclusions remain speculative. Inconsistency 
of findings achieved in past studies is another issue.  
Consequently, it is important to further investigate the special features of girls and 
women with ASD in comparison to typically developed girls and women. Recent 
findings have suggested that affected girls with ASD might deviate further from their 
healthy peer group than autistic boys do (Baron-Cohen et al., 2014; Head et al., 2014; 
Lai et al., 2014). These results support the theory that after a certain age the behavior 
of autistic girls and women may be more strikingly different from what society expects 
from a female – a fact that could be associated with higher risks of becoming a victim 
of bullying, anxious and depressed mood, development of internalizing psychiatric 
problems, having fewer friendships and relationships. This constitutes very good 
reason to focus more on female patients in research and science. 
 
As mentioned previously, only a small portion of all the ASD research was conducted 
with female subjects. The present study was designed to help fill this gap and to 
investigate female ASD patients' empathic abilities for complex emotions in social 
situations and connected neuronal correlates. To our knowledge, this is the first study 
investigating empathic embarrassment and empathy for physical pain in this manner 
with female individuals with ASD. 
 
The following hypotheses were defined:  
(1) Female subjects with ASD (henceforth also referred to as 'F-ASD') will score lower 
on empathy questionnaires such as the Empathy Questionnaire (EQ) and the Bryant 
Index of Empathy (BIE) than healthy female controls (henceforth also referred to as 'F-
HC'). 
(2) There will be no differences in the perception and assessment of physical pain in 
ASD probands compared to the control group. 
(3) On the behavioral level, findings will include differences in the perception and 
rating of social pain experiences, especially when subjects are asked to rate socially 
awkward situations, in which the protagonist is not aware of the ongoing 
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embarrassment for him/herself, with higher (i.e. more inadequate) scores in F-ASD 
compared to F-HC. 
(4) The fMRI data will show no differences in the neural processing of physical pain 
tasks between the groups. 
(5) On the neural level, ASD subjects will indicate differing engagement of brain 
areas during the social pain paradigm with a less intense activation of networks known 
to process social stimuli, like the anterior cingulate cortex (ACC) and anterior insula 
(AI), compared to control subjects. 
 
 
 
4. Methods 
 
4.1 Participants 
The study was conducted in the specialized outpatient clinic for Autism Spectrum 
Disorder of the University Hospital for Child and Adolescent Psychiatry, 
Psychotherapy and Psychosomatic Medicine in Marburg. The specialized 
outpatient clinic was established 15 years ago and has been diagnosing, 
consulting and treating patients with autism ever since. During initial contact 
here all patients and their families are told that they might be contacted in the 
future and asked to participate in ongoing research projects. All female prospects 
who matched inclusion criteria (see below) received a letter with informative 
material about the present study and were asked whether they were interested 
in participating. Additionally, we handed out flyers about our research to 
colleagues, specialists for child and adolescent psychiatry and associated 
hospitals, as well as some autism treatment centers. The flyers contained our 
contact details and basic information about the study (see appendix). 
It was possible for the girls and women with ASD to either  
a) only complete a series of questionnaires or  
b) complete the questionnaires, partake in a structured interview and participate 
in the functional magnetic resonance imaging part of the present study.  
36 
 
The study was approved by the local ethics committee at the faculty of medicine, 
Philipps-University Marburg, Germany (reference number: 192/12). Written 
informed consent was obtained from all parents and participants involved in the 
project after extensive information about the aim and background of the study, 
voluntariness of participation and anonymity of data collection and processing. 
 
Inclusion and Exclusion Criteria 
For our project we defined the following inclusion criteria: 
1. Assured ASD-diagnosis (F84.0, F84.1 or F84.5, correspondent to the German 
adaptation of the WHO ICD-10, Chapter V, Mental and behavioral disorders 
– “Multiaxiales Klassifikationsschema für psychische Störungen des Kindes- 
und Jugendalters” – fifth edition) (Remschmidt, Schmidt & Poustka, 2006).  
       For the control group it was a requirement to have no psychiatric diagnosis. 
2. Female sex 
3. Verbal IQ ≥ 85 
4. Age: 12 – 25 years old 
 
Exclusion criteria were determined as listed: 
1. Neurological diseases 
2. Verbal IQ < 85 
3. Not meeting MRI requirements (MRI-specific exclusion criteria were: cardiac 
pacemakers, defibrillators, artificial cardiac valves, medical transfusion 
pumps, implanted neuronal stimulators, intraluminal vascular prosthesis, 
vascular clips, vascular access points with metallic catheters, ventricular 
shunts, implanted metallic parts – screws, discs, nails – from surgery on 
fractured limbs, ocular implants, cochlea or tympanic implants, other 
implants in the middle/inner ear, fixed dental braces, irremovable piercings, 
tattoos, agoraphobia). 
4. Pregnancy 
5. Inadequate cooperation and compliance 
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Thirty eligible patients from our outpatient clinic data pool were contacted in 
writing.  
Eighteen replied, ten were willing to fill out questionnaires only and eight also 
wanted to be part of the fMRI project, one of them met an exclusion criterion.  
Twelve girls/women with ASD and their families contacted our research team 
after learning about the project from our flyer, one participant reached out to us 
after hearing about the study from a friend who had also taken part. Two of them 
were able to participate in the fMRI study, the others chose to only fill out the 
questionnaires, met exclusion criteria or did not reply anymore after initial 
contact.  
Those participants who replied and wanted to participate in both parts of the 
study were invited to the outpatient clinic in Marburg. 
 
Table 1: Participants with ASD and drop-outs 
 
Note: For the following part of the thesis, the focus will be only on those participants who where 
included in the fMRI. 
 
All ASD patients who took part in the fMRI (n=9) had either already been 
diagnosed in our clinic by experienced psychologists and physicians using the 
ADOS (Module 3 or 4) or underwent the standardized diagnostic procedure 
during the consultation at our hospital, as part of the study protocol, before the 
MRI. If parental informants were available, the ADI-R was administered (n=6). 
Diagnoses were decided by consensus of two examiners minimum, who 
considered all examination results including ADOS, ADI, results of 
neuropsychological and cognitive abilities testing, information on medical history, 
reports submitted by schools and other institutions, as well as home videos. Nine 
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of the patients received an ASD diagnosis and were included in the analysis. The 
final study sample consisted of five patients with the diagnosis Asperger-
Syndrome (F84.5, ICD-10) and four patients with the diagnosis Atypical Autism 
(F84.1, ICD-10). 
The age span within the ASD group reached from 12;5 to 24;5 years of age, with a 
mean age of 18;7 years. Verbal IQ was confirmed with the Wechsler Intelligence 
Scale, either for adults (WAIS IV) or children (WISC IV) (Petermann & Petermann, 
2008). The mean verbal IQ was 112.  
The healthy control group (N=9) had a mean age of 19;9 (span 13;9 – 25) and a 
mean verbal IQ of 113 (for additional information, see Table 2). Every subject had 
normal or corrected-to-normal vision.  
F-HC and F-ASD differed significantly concerning the self-report evaluation of 
autistic symptoms as conducted with the AQ (p= .015). 
 
Table 2: Study Sample Characteristics 
 
(AQ = Autism Spectrum Quotient; ADOS-SA = ADOS Social Affect Score; ADOS-RRB = ADOS 
Repetitive and Restricted Behavior Score; ADOS Comparison = ADOS Comparison Score; ADI-R 
Com = ADI-R Communication Score; ADI-R Soc = ADI-R Social Interaction Score; ADI-R Stereo = 
ADI-R Stereotyped Behavior Score) 
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4.2 Kiddie-SADS Interview 
To assess current comorbidities and other psychiatric disorders that might have 
occurred during the participant's life, as well as for the purpose of revealing 
possible differential diagnoses, the German version of the Kids Schedule for 
Affective Disorders and Schizophrenia -Present and Lifetime Version (K-SADS-PL), 
a semi-structured diagnostic interview (Deutsche K-SADS-Arbeitsgruppe, 2001), 
was administered with either the parents (for children and adolescents) or the 
participant herself (for adult subjects). After gathering information about current 
and lifetime episodes of abnormal behavior, diagnoses were confirmed through 
consultation of the diagnostic manuals DSM IV and ICD-10. 
Several comorbidities were revealed during the Kiddie-SADS-Screening. 
Regarding the members of the ASD-group, amongst the current comorbid 
disorders at the time of the MRI-study were two cases with depressive disorder, 
one subject with a comorbid diagnosis of anxiety disorder and one girl with 
hyperkinetic disorder. 
When assessing for past psychiatric diagnoses, two girls with ASD had a diagnosis 
of attention deficit hyperactivity disorder, one of those two was suffering from an 
additional Tourette's syndrome. One participant had been struggling with major 
depression in the past, two had been diagnosed with obsessive-compulsive 
disorder, one had gone through a phase of atypical anorexia. One adolescent had 
a documented diagnosis of developmental disorder concerning her academic 
abilities in her past. 
To put it in figures, 44,4% of our subjects with ASD had a current comorbid 
diagnosis and 66,7% had suffered from a psychiatric comorbidity in the past. 
 
 
4.3 Questionnaires 
All subjects, ASD girls/women and healthy controls, were asked to fill out the 
following questionnaires: 
 Autism Spectrum Questionnaire (AQ), German version, to assess the intensity 
of ASD symptoms (Baron-Cohen, Wheelwright, Skinner, Martin & Clubley, 2001) 
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 Empathy Questionnaire (EQ), German version, to measure cognitive and 
affective empathy scores (Zoll & Enz, 2011) 
 Bryant Index of Empathy (BIE), German version (Bryant, 1982)  
 
 
4.4 Study Procedure  
The MRI-data was obtained in a 3 Tesla TIM-Trio MRI scanner (Siemens Medical 
Systems) in the Center for Psychiatric Health, University Hospital for Psychiatry 
and Psychotherapy, Marburg. 
After detailed information and obtaining written informed consent from subjects 
and parents, the girls and women were brought to the fMRI preparation room, 
where one of the study team members explained all paradigms, did a short 
practice with the participants and asked some comprehension questions to make 
sure they had understood the pictures and questions they were about to 
encounter inside the scanner. The stimuli used as sample situations during the 
explanation were not displayed again during the actual fMRI session. An 
extensive form was filled out with subjects and if they were not adult, also their 
parents, reassuring that no MRI exclusion criteria applied.  
The participants were then guided into the examination room and made familiar 
with the surroundings. They were asked to lie down on the MRI exam table and 
were supplied with earplugs and soft pads to keep head and legs steady as well 
as comfortable. A response-box was attached to the right leg and the test 
person's fingers were placed in the correct position, it had been previously 
explained to them how answering with this box worked during each paradigm. 
Into the left hand they were given an emergency stop button, it was clarified that 
each subject knew how to use it in case they needed to rapidly stop the scanning 
process. For an agreeable temperature subjects were covered with a blanket. A 
head coil with an integrated mirror was positioned over the participant's head. 
After being moved into the scanner, the girls and women were able to see a 
monitor placed behind the MRI through the system of mirrors. 
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The study team assured that participants were comfortable and knew how to get 
in contact during the scanning process, then left the exam room and went into 
the adjacent control room. 
 
 
4.5 Functional MRI protocol 
The overall scanning protocol lasted about 43 minutes. Prior to each functional 
scan, an eye-tracking system was calibrated to acquire data about eye-movement 
and pupil diameter, which took no longer than three minutes. As this dissertation 
was part of a larger study, some data was collected that will not be referred to in 
this work's results and will instead be subject of other publications, e.g. the eye-
tracking data. 
During the measurements, participants executed three psychological paradigms. 
After the functional scans, an anatomy, a resting state and a diffusion-tensor 
imaging scan were obtained in the following order and duration:  
1. Localizer      (00:14 min) 
2. Empathy for Social Pain Paradigm  (12:34 min) 
3. Empathy for Physical Pain Paradigm (07:37 min) 
4. Social Exclusion Paradigm   (07:48 min) 
5. T1 Anatomical Structures Scan  (04:18 min) 
6. Resting State Scan    (05:14 min) 
7. Diffusion Scan     (05:01 min) 
In between each scan the study team communicated with the subjects through 
an intercom system, assuring that they were doing fine and still feeling up to the 
task, while also letting them know which scan/paradigm they were about to be 
confronted with next. Enough time was given for remaining questions to be 
clarified. 
 
 
4.6 Data Acquisition 
All participants were scanned with a 12-channel head matrix receive coil in a 3-
Tesla MR apparatus (Siemens TIM Trio, Erlangen, Germany) at the Center for 
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Psychiatric Health, University Hospital for Psychiatry and Psychotherapy, 
Marburg. A blood oxygen level dependent (BOLD) -sensitive echo planar imaging 
(EPI) sequence was utilized for acquisition of functional images during all 
paradigms (36 slices per paradigm in transversal plane, TR = 2,2 s, TE = 30 ms, flip 
angle = 90°, ascending slices, slice thickness = 3 mm, FoV = 192 mm, 10% gap, 
matrix 64 x 64 voxels, voxel size 3 x 3 x 3 mm). 
In addition, a T1-weighed scan comprising the whole brain was executed, 
employing a magnetization-prepared rapid gradient-echo sequence (3d MP-
RAGE) in sagittal plane (176 slices, TR = 1,9 s, TE = 2,52 ms, flip angle = 9°, 
ascending slices, slice thickness = 1 mm, FoV = 256 mm, 50% gap, matrix 256 x 
256 voxels, voxel size 1 x 1 x 1 mm). 
 
 
4.7 Stimuli and Paradigms 
Precursor studies of the present work are the ones designed by Paulus et al. 
(2013) and Krach et al. (2015). For better comparability between the social pain 
(ESP) and the physical pain (EPP) paradigms, we adapted the style of questioning 
from Paulus et al. (2013). In the present study, we asked the participants in both 
paradigms to rate on an empathic emotion rather than a vicarious feeling, by 
phrasing the questions in a way that created the necessity to feel or at least 
interpret the other person’s feelings: "How strong is the pain of the observed 
person in this moment?" and "How strong is the embarrassment experienced by 
the observed person in this moment?". 
 
4.7.1 Empathy for Physical Pain Paradigm (EPP) 
To be able to investigate the neuronal correlates of empathic emotions for 
physical pain, subjects were confronted with 28 pictures, 14 showing 
neutral stimuli and 14 illustrating painful experiences. The photographs 
were chosen from a pool of 56 validated stimuli (Jackson et al., 2005; Krach 
et al., 2011). Displayed was a hand or a foot of a human being, in either a 
physically painful position (e.g. foot on a log with an axe landing on top of 
43 
 
the big toe) or a non-painful, neutral situation (e.g. foot on a log with the 
axe hitting next to it in the wood).  
 
 (1)           (2)   
Figure 10: Neutral (1) and physically painful (2) stimulus (from: Krach et al, 2015). 
 
The 4,5 second stimulus presentation was followed by a blank screen with a 
centrally arranged fixation cross for 1,5 seconds and a consecutive rating 
period showing the question "How strong is the pain of the observed 
person in this moment?". Participants had 3 seconds to rate on a 5-point 
scale, evaluating the intensity of the depicted person's pain experience 
(from 1 being "not at all" to 5 "very strong"). 
 
 
 
Figure 11: Paradigm sequence for Empathy for Physical Pain (EPP) 
 
4.7.2 Empathy for Social Pain Paradigm (ESP) 
The participants were confronted with 30 drawings of social situations, 
each of them explained with a written caption which introduced the 
context (e.g. "You are at the theatre") and the state of the person serving as 
the social target (e.g. "The actor forgets his lines during the play…"). Ten 
pictures illustrated scenarios in which the target person was aware of the 
predicament and embarrassment of the current situation (aware 
embarrassment situation = AES). Ten situations displayed a protagonist who 
is unaware of the embarrassing event happening (unaware embarrassment 
44 
 
situation = UAES), e.g. "You are in a train. Across from you sits a man, who 
is drooling in his sleep". Ten neutral situations in form of sketches depicting 
comparable social scenarios lacking the embarrassing component, e.g. "You 
are at a post office. At the neighboring counter you observe a man who is 
posting a package", completed the stimulus set. All drawings were designed 
in a standardized way and validated in earlier projects (Krach et al., 2011; 
Paulus, Kamp-Becker et al., 2013). To avoid revealing information about the 
index person’s internal state, the depicted protagonists did not show 
emotional facial expressions such as smiles or frowns. 
 
 
  
Figure 12: Neutral situation on a train.  
The red arrow indicates the social target. The text reads: "You are on a train. You 
see a man, who is carrying a suitcase…"  (from: Krach et al, 2011) 
 
 
 
 
45 
 
  
Figure 13: The protagonist is aware of the embarrassing situation (Aware 
Embarrassing Situation = AES).  
Caption: "You are in a supermarket. You see a man, who has a fully loaded 
shopping cart and doesn’t realize, until he is at the register to check out, that he 
forgot to bring money..."  (from: Krach et al, 2011) 
 
 
  
Figure 14: The protagonist is unaware of the embarrassing situation (UnAware 
Embarrassing Situation = UAES).  
Caption: "You are in a library. You see a woman in front of you, whose butt crack is 
showing…"  (from: Krach et al, 2011) 
 
After a 12 second stimulus presentation participants again saw a blank 
screen with fixation cross for 1 second, which was then followed by a 3 
second rating period. Answering the question "How strong is the 
embarrassment experienced by the observed person in this moment?", 
subjects were instructed to rate every scenario on a 5-point scale (from 1 
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being "not at all" to 5 "very strong"). The stimuli followed each other with 
an inter-trial-interval of 8 seconds (see Fig. 15) and were presented in a 
pseudo-randomized order, which was the same for every participant. 
 
 
  Figure 15: Paradigm sequence for Empathy for Social Pain (ESP) 
 
 
4.7.3 Social Exclusion Paradigm 
In the last functional MRI paradigm, the female subjects were asked to 
participate in a computer game named "Cyberball". This scan was added 
for the purpose of another study and will not be reported about in this 
dissertation. 
 
 
4.8 Data Processing 
 
4.8.1 Analysis of behavioral data 
All behavioral data were analyzed with PASW Statistics 183. Ratings of the 
protagonists' sensations and emotions (i.e. pain and embarrassment) were 
averaged within conditions and analyzed using repeated measures analyses 
of variance (ANOVAs). For the analysis of pain ratings in the paradigm 
investigating empathy for physical pain (EPP) an ANOVA was implemented 
with Condition (PAIN, NEUT) as within subject factor and Group (healthy 
controls = F-HC, subjects with the diagnosis of ASD = F-ASD) as between 
                                                 
3
 SPSS Inc. Released 2009. PASW Statistics for Windows, Version 18.0. Chicago: SPSS Inc. 
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subject factor. Additional t-tests compared the PAIN versus NEUT condition 
for each group separately. For the paradigm examining empathy for social 
pain (ESP) ratings of the protagonists’ embarrassment were analyzed with a 
2 x 3 ANOVA with Condition (NEUT = neutral, AES = aware embarrassment 
situations, UAES = unaware embarrassment situations) as within subject 
factor and Group (F-HC, F-ASD) as between subject factor. A priori contrasts 
compared the ratings for AES vs. NEUT and UAES vs. NEUT separately, as 
well as AES vs. UAES. Additionally, an a priori contrast was implemented to 
test the interaction of AES vs. UAES x F-HC vs. F-ASD to investigate whether 
subjects with ASD are less competent in correctly identifying the 
protagonist's embarrassment compared to healthy subjects.  
 
4.8.2 fMRI data processing with Statistical Parametric Mapping (SPM) 
Neuroimaging data were analyzed using SPM84. Brain volumes were 
separately slice-timed, motion-corrected and spatially normalized to the 
standard EPI template of the Montreal Neurological Institute (MNI). The 
normalized volumes were resliced with a voxel size of 2x2x2 mm, smoothed 
with an 8 mm full-width half-maximum isotropic Gaussian kernel and high-
pass filtered at 1/192 Hz.  
A fixed-effects general linear model (GLM) was calculated at the within-
subject level for each ESP and EPP in order to test for activation differences. 
A random-effects GLM was computed for each paradigm, ESP and EPP, at 
the group-level. The model compared ESP/EPP related neural activation in 
the F-ASD and F-HC group. 
 
 
 
 
 
 
 
                                                 
4
 see: www.fil.ion.ucl.ac.uk/spm 
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5. Results 
 
5.1 Empathy Questionnaires (EQ, BIE) 
We found that the two groups, female individuals with ASD (F-ASD) and healthy 
female controls (F-HC), showed differences by trend only in parts of the Empathy 
Questionnaire (EQ). While scores for cognitive and overall empathy were similar, 
scores for affective empathy differed on a .05 level of significance, indicating 
deficits in the F-ASD group.  
On a second self-report measure, the Bryant Index of Empathy (BIE), girls and 
women with ASD suggested differences in the overall empathy score on a .05 
level of significance. 
 
 Table 3: Behavioral Data from the Empathy Questionnaire 
 
 
 
5.2 fMRI: Results on the behavioral level 
 
5.2.1 Empathy for Physical Pain Paradigm 
Ratings of the protagonist's physical pain showed a significant main effect 
of Condition (F(1,16)=513.08, p<.001). Healthy controls (t(8)=23.07, p<.001) and 
subjects with the diagnosis of ASD (t(8)=12.53, p<.001) both rated the 
protagonist's physical pain as more intense for painful situations compared 
to neutral situations. Intensities of ratings did not differ between groups 
(main effect: F(1,16)=0.18, p=.679). Also the increase of ratings during painful 
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situations compared to neutral situations showed no significant difference 
(interaction: F(1,16)=1.43, p=.249). 
 
 
Figure 16: Ratings concerning physical pain of the depicted protagonists.  
Good discrimination between neutral and painful situations in both groups. No 
significant differences between females affected by Autism Spectrum Disorder and 
healthy controls. 
(NEUT = Neutral Situation; PAIN = Painful Situation; F-HC = Healthy Control Females; F-ASD 
= Females with Autism Spectrum Disorder) 
 
5.2.2 Empathy for Social Pain Paradigm 
Results showed a significant main effect of Condition for the ratings of the 
protagonist's embarrassment (F(2,30)=128.36, p<.001). The protagonist's 
embarrassment was rated stronger during 'aware embarrassment 
situations' = AES (F(1,15)=648.30, p<.001) and 'unaware embarrassment 
situations' = UAES (F(1,15)=44.83, p<.001) compared to neutral situations. 
Ratings of the protagonist's experience of embarrassment were decreased 
during UAES compared to AES (F(1,15)=53.33, p<.001). There also was a main 
effect of group (F(1,15)=21.32, p<.001) and a significant interaction of Group 
and Condition (F(1,15)=9.32, p=.001). Both indicated that healthy controls 
were giving lower ratings than subjects with the diagnosis of ASD and that 
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ratings decreased particularly in the UAES vs. AES condition in healthy 
controls compared to subjects with ASD (F(1,15)=7.41, p=.016).  
  
 
Figure 17: Ratings concerning social pain, i.e. embarrassment of the depicted 
protagonist. Significant differences in the UAES-condition (p=.016). 
(NEUT = Neutral Situation; AES = Aware Embarrassing Situation; UAES = UnAware 
Embarrassing Situation; F-HC = Healthy Control Females; F-ASD = Females with Autism 
Spectrum Disorder) 
 
  
5.3 fMRI: Neuroimaging results 
 
5.3.1 Empathy for Physical Pain Paradigm 
During painful compared to neutral situations healthy controls and subjects 
with ASD showed increased activations of the anterior cingulate cortex 
(ACC; healthy controls at -2, 26, 46, t(32) = 6.44, p < .001; subjects with ASD at 
-6, 18, 36, t(32) = 5.12, p = .002), left anterior insula (AI; healthy controls at -
36, 18, 0, t(32) = 5.91, p < .001) and right AI (healthy controls at 42, 18, -4, t(32) 
= 4.59, p = .001), brainstem (healthy controls at -6, -8, -14, t(32) = 5.33, p < 
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.001; subjects with ASD at -8, -16, -20, t(32) = 3.66, p = .006), and left 
somatosensory cortex (healthy controls at -58, -28, 36, t(32) = 3.77, p = .013). 
 
Figure 18: Regions of increased neural activation in healthy control subjects (HC) 
and girls/women with Autism Spectrum Disorder (ASD) during physical pain 
stimuli.  
Subjects affected by Autism Spectrum Disorder show lower activation of the 
anterior insula and brainstem. 
 
Comparing subjects with ASD to healthy controls, they showed significantly 
lower activation of the left AI (-34, 20, 4, t(32) = 3.28, p = .024), right AI (34, 
24, 0, t(32) = 3.12, p = .033) and brainstem (-6, -8, -14, t(32) = 3.42, p = .011) 
during painful vs. neutral situations (all statistics are FWE-corrected within 
regions of interest (ROIs) derived from a previous study (Krach et al., 2015) 
and presented uncorrected (p < .05) for displaying purposes).  
  
Figure 19: Regions of significantly lower activation in subjects with autism (ASD) 
compared to typically developed probands (HC), namely the left and right AI, 
during the empathy for physical pain paradigm. 
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5.3.2 Empathy for Social Pain Paradigm 
Functional neuroimaging data revealed increased activations within the 
ACC and AI network, during embarrassing compared to neutral control 
situations in both groups. Contrasting AES and UAES vs. neutral control 
situations ((AES-NEUT)+(UAES-NEUT)) resulted in increased activations of 
the left AI (healthy controls at -28, 24, 0, t(48) = 5.49, p < .001), left ACC 
(healthy controls at -6, 28, 42, t(48) = 5.76, p < .001; subjects with ASD at -8, 
18, 40, t(48) = 4.11, p = .005), and thalamus (healthy controls at -2, -6, 8, t(48) = 
4.32, p < .001).  
 
  
Figure 20: Cerebral activations in the left anterior cingulate cortex and left anterior 
insula regions during social pain stimuli in individuals with autism (ASD) compared 
to typically developed girls and women (HC). 
 
When comparing participants with ASD to healthy controls, the left AI 
activation was significantly lower during AES vs. neutral situations (-28, 24, 
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0, t(48) = 3.23, p = .012) as well as UAES vs. neutral situations (-28, 24, 0, t(48) = 
3.30, p = .010), replicating deficits in embodying vicarious embarrassment 
in ASD (see: Krach et al., 2015).  
For both groups the activation of the AI, as a neural marker for empathic 
resonance, was decreased during UAES compared to AES (healthy controls 
at -28, 24, 2, t(48) = 2.83, p = .030; ASD group at -40, 24, 4, t(48) = 2.72, p = 
.039) as well as activation of the thalamus (healthy controls at -4, -6, 6, t(48) = 
3.76, p = .002; ASD group at -6, -8, 8, t(48) = 3.25, p = .006). This indicated 
that the embodied representation of non-shared, vicariously experienced 
embarrassment is less prominent when participants are asked to focus on 
the other’s mental states. Unlike the behavioral data, fMRI data showed no 
significant interaction of Group and Condition within the regions of 
interest. (All statistics are FWE-corrected within ROIs - ACC, left AI, 
thalamus - derived from a previous study (Krach et al., 2011) and presented 
uncorrected (p < .05) for displaying purposes). 
  
 
Figure 21: Increased activation of the left anterior insula during the empathy for 
social pain paradigm, higher during Aware Embarrassing Situations (AES) versus 
UnAware Embarrassing Situations (UAES) and higher activity in healthy controls 
(HC) compared to females with Autism Spectrum Disorder (ASD).  
 
 
 
 
54 
 
 
6. Discussion 
The present study investigated behavioral and neurobiological markers of empathic 
physical and social pain in girls and women with ASD compared to a healthy same-sex 
control group. More precisely, the social pain paradigm worked with empathic 
embarrassment, a complex emotion existent in every day social life situations. 
To our knowledge, this is the first study investigating these paradigms with female 
participants affected by autism.  
The results show that girls affected by ASD did not deviate from healthy girls rating 
stimuli depicting physical pain, although a different pattern of neural activation was 
observed. Socially painful situations pose a greater challenge to females with ASD. 
Unlike the typically developed female control group, they did not discriminate 
embarrassing situations the protagonist is unaware of from situations, in which the 
target person is very well aware of the threat to his/her social integrity. On a neural 
level, both groups showed activation of the social brain network that was extenuated 
in girls and women with ASD, exhibiting a particular lack of insula activation compared 
to healthy females. 
 
Empathy for physical pain paradigm – behavioral and fMRI-data 
Both the ASD and the control group were able to reliably distinguish physically painful 
from neutral situations on a behavioral level. On a neural level, fMRI data exhibited 
activation of a network including ACC, left and right AI, brainstem and the left 
somatosensory cortex in both groups. However, F-ASD presented significantly lower 
activation of left and right AI in comparison to F-HC. Insular activity has been 
connected to social-emotional processing and interoception (Cox et al., 2012), as well 
as empathy in general (Fan, Duncan, de Greck & Northoff, 2011) and empathy for pain 
in specific (Akitsuki & Decety, 2009; Bernhardt & Singer, 2012; Fan et al., 2011; Paulus 
et al., 2014; Saarela et al., 2007). Increased insular activity in healthy subjects can be 
interpreted as evidence for an empathic and vicariously experienced feeling. Decreased 
activation of the insula in individuals with ASD might therefore be evidence for a 
reduced ability to share the feelings of another person. Patients with ASD know on a 
cognitive level that certain situations are painful and are able to communicate this 
55 
 
knowledge in a behavioral test setting, but neural activity suggests less empathic 
feelings than a healthy person would experience. 
 
Empathy for social pain paradigm – behavioral data 
During the social pain paradigm group differences could be found on both the 
behavioral and neural level.  
On the behavioral level, female individuals with ASD and the healthy control group 
were able to tell that a situation was not embarrassing for the protagonist of the 
picture during neutral stimuli. Correspondingly, F-ASD and F-HC both judged the social 
situations in which the protagonist realized that an embarrassing event was taking 
place (AES) as highly embarrassing. However, significant disparity between the rating of 
both groups was revealed for those scenarios, in which the depicted protagonist was 
unaware of the embarrassing issue occurring (UAES). While F-HC, working with a 
typically developed ability for Theory of Mind, lowered their embarrassment-ratings for 
UAES, knowing that the other person can not feel embarrassed about something that 
he/she is not conscious of, the rating submitted by F-ASD only gradually decreased and 
remained at a fairly high score, demonstrating difficulties regarding ToM and 
comprehending the protagonist's state of mind.  
On a neural level, the fMRI scans exhibited increased activation of left ACC, left AI and 
thalamus in both groups for embarrassing versus neutral situations. In the F-ASD group, 
the increase in activity of the AI was significantly lower than in F-HC, indicating 
inhibitions embodying empathic social pain in female individuals with ASD.  
This adds to the evidence, that autistic impairments make it difficult for individuals 
with ASD to completely take over another person's perspective and judge a situation 
only from his/her point of view. Instead, subjects with ASD remain within their own 
state of mind and exhibit a certain 'egocentric bias'. The finding supports the results of 
Paulus et al. (2013), who found that the study group of male individuals with ASD did 
indeed report experiences of vicarious embarrassment comparable to the non-autistic 
control group. They did however have significant difficulties assessing a social situation 
if it required the reflection on a social target's intentions (Paulus et al., 2013).  
Of course, these results and comparisons can only be interpreted cautiously. Although 
using some of the same sketches, the studies are not completely alike, as in the 
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present one the social pain paradigm was adapted from the earlier study (Paulus, 
Kamp-Becker et al., 2013) concerning the inquiry. Paulus et al., who were investigating 
vicarious embarrassment, were asking the probands to rate on how embarrassed they 
felt for the person in the sketched situation. In this study, we aimed to analyze 
empathic embarrassment rather than the vicarious emotion, by asking how 
embarrassed our probands thought the person feels in the depicted moment. Thereby 
we implemented a necessity for the participant to mentalize and provoked subjects to 
reflect on the observed person’s feelings and intuitions, a process which is known to be 
impaired in autistic individuals.  
Adapting this paradigm also allowed for better comparability with the physical pain 
paradigm, which was using the same line of questioning. Being able to compare the 
two paradigms was important to the study in order to show that the stimuli presenting 
embarrassing situations indeed worked as a trigger to induce 'social pain' by activating 
neural structures involved in the 'pain network' (see fig. 8).  
 
Empathy for social pain paradigm – fMRI-data 
On a neural level, the fMRI data showed that during evaluation of the social scenarios 
both groups activated a broad neural network of ACC, thalamus and insula. Therefore, 
it can be concluded that the chosen paradigms worked in the predicted way. 
A comparison of the two categories of situations, AES and UAES, results in evidence of 
a significantly stronger activation during the AES in ACC, insula and thalamus. The 
intense shared affect with the sketched protagonist who finds himself in an 
embarrassing situation, as indicated in the behavioral data, is therefore also clearly 
visible on a neural level in both F-HC and F-ASD groups. 
As expected, we did find some differences in neural activation when comparing F-HC 
and F-ASD. Females with ASD showed an overall similar pattern of cerebral activity, but 
it was less intense than in healthy controls. F-HC showed a significantly stronger 
activation of the insula during AES compared with F-ASD, which can be interpreted as a 
better ability to create an embodied representation with the pictured social targets in 
healthy females. 
During the second condition, UAES, neuroimaging results again demonstrated a 
significantly higher usage of the insula region in F-HC compared to F-ASD. The ACC 
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showed higher activation by trend. These results confirm findings of earlier studies 
(Krach et al., 2015). While Krach et al. additionally found increased hippocampal 
activity in patients with ASD, indicating the use of memorized information about social 
conventions, this finding could not be replicated in the present study. It might be due 
to the small sample size that it was not possible to find an effect here. Theoretically, 
there could also be a bias of sex/gender or age. For future research it might be 
necessary to take into account potential influences of age, sex and hormone status, e.g. 
female cycle, intake of oral contraceptives, oxytocine and vasopressine levels, stress 
hormone levels etc., as studies show connections between these factors and social 
behavior, including empathic abilities, in humans (Radke & Derntl, 2016; for reviews 
see: Bos et al., 2012; Heinrichs, von Dawans & Domes, 2009). 
Seeing that healthy control subjects show enhanced neural activity of ACC and AI 
during an UAES indicating a vicariously experienced affect despite the fact that the 
social target is not aware of the embarrassment, it is noticeable that in F-HC a clear 
distinction can be made between the self and the other. Healthy controls were capable 
of judging the sketched protagonists internal state during UAES more appropriately as 
less affected by embarrassment, although their neural activity indicated stronger 
emotional experiences than in the F-ASD group. The female subjects with autism 
seemed to have difficulties truly understanding and processing the mindset of the 
depicted person, as indicated by a less intense neural activation and a higher rating of 
supposed embarrassment (compared to controls) during UAES. 
     
ASD and social cognition 
Judging from the findings of this study, it can be assumed, that individuals with ASD are 
less able to rely on their 'gut instinct' than healthy controls in situations involving 
empathic abilities, complex social context and social emotions, due to their deficits 
regarding Theory of Mind. It seems to be difficult for subjects with ASD to take a step 
back from their own judgment of a situation and create a valid evaluation of someone 
else's internal affective state. Naturally, this fact makes it harder for them to be able to 
react in a socially acceptable or culturally expected way. Still, people with high 
functioning ASD do show activation of the same empathy networks as typically 
developed individuals, indicating the ability for processing empathy. They also are able 
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to define embarrassing situations as such, although this involves the interpretation of a 
complex social scenario. While activity of their neural networks involved in the 
adaptation of social cues is less intense, females just like males with ASD and an IQ in 
the normal range might be able to compensate some of this disadvantage by using 
cognitive strategies, such as consultation of learned and memorized social relations 
(Krach et al., 2015), which can help them to get along in a social environment, even 
though they might not be able to intuitively feel it or 'naturally' fit in. 
 
It can be concluded, that our results are in line with other studies finding differences in 
neural information processing in individuals with ASD (Krach et al., 2015; Schneider et 
al., 2013; Silani et al., 2008).  
Schneider et al. (2013), who examined neural activation of a group of men and women 
with ASD aged 18 – 55 years old while subjects were watching emotional videos, found 
no global empathy deficits in ASD patients, but the findings suggested different 
neurological pathways of processing empathy in people affected by ASD. Furthermore, 
the study pointed to men with ASD exhibiting stronger impairments executing the 
cognitive aspects of empathy and theory of mind. Women with ASD showed reduced 
neural activation in areas known to process social interests and emotional contagion 
(namely midbrain and limbic regions, periaqueductal gray = PAG), as well as altered 
social reciprocity compared to their female counterparts (Schneider et al., 2013). In the 
present study we chose to execute the paradigms using a series of pictures as opposed 
to videos, to be able to locate meaningful neural activity with higher accuracy (in 
respect to temporal information processing). Since the present paradigms aimed at 
provoking empathic pain, the activated neural networks differed from the findings of 
Schneider et al. However, both studies are associated in terms of finding differences in 
neural information processing in individuals with ASD during confrontation with social-
emotional stimuli.  
The present study's finding of hypoactivity in the AI of subjects with ASD is in 
accordance with the results of Silani et al. (2008), who investigated Alexithymia, 
empathy and introspective abilities using questionnaires and fMRI on 15 participants 
with ASD (13 male, 2 female) and matched controls. They concluded that deficits in 
59 
 
emotional awareness are connected to hypoactivity of the AI in both people with ASD 
and typically developed subjects (Silani et al., 2008). 
 
6.1 Strengths of the study 
A definite strength of the present study is the thorough diagnostic process every 
subject went through. All of the participants with ASD were examined using the 
diagnostic gold standard procedure of the ADOS. The ADI was performed with 
the patients' parents in most of the cases. Every subject underwent an extensive 
intelligence measure (WISC and WAIS) to assess the cognitive proficiency level. 
An extensive medical history and additional neuropsychological tests were 
conducted and diagnoses were found as a consensus decision of experienced 
experts. The careful diagnostics ensured a good internal validity of this study.  
Having said that, we do support the notion expressed by other researchers, that 
females with ASD do not always show the 'classic picture' with all symptoms of 
an ASD as they are defined and examined in current diagnostic standards. Five of 
our subjects with ASD received the diagnosis of Atypical Autism (F84.1). Girls 
with ASD do sometimes present with unusual symptoms and can be able to 
conceal some of their impairments. In some cases, it requires a more thorough 
investigation to find out whether communicative and social interaction abilities 
are fundamentally impaired in an autism-specific way.  
Another strength of this study is its design and the fact, that it is examining 
females with ASD, a group of patients that we just do not know enough about so 
far. By using the ESP paradigm, it was possible to investigate social emotions on a 
very complex level, as these are the type of situations that every human is 
confronted with in everyday life – whether it is at work, in school or in 
relationships and family life. 
 
6.2 Limitations of the study 
The present study has its limitations. We did encounter the same problem many 
previous research projects described – that it is extremely difficult to reach a 
sample size powerful enough to obtain significant results when investigating 
Autism Spectrum Disorders in female patients.  
Participants had to  
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a) be interested in taking a trip to Marburg and spend a few hours supporting our 
study,  
b) be willing and able to partake in the fMRI scanning process (MRI exclusion 
criteria unfortunately applied to a lot of patients within our age range, since 
teenagers and young adults tend to be in orthodontic treatment and wear fixed 
braces), 
c) have supportive parents who were able to invest the time (for underage 
subjects), 
and most importantly it was necessary to  
d) have a confirmed ASD diagnosis. 
Although we talked to 45 prospects, in the end our sample size turned out only 
modest, with n = 9. Our 'return rate' therefore was 20%. The restricted sample 
size is a limiting factor.  
As an anticipated benefit to our study, we did not only focus on adults, which is a 
fact that had been criticized in past research projects (Frazier et al., 2014). 
However, only two 12- and 13-year-old children with ASD were willing to 
participate, while we were able to acquire two adolescents and five young adults 
with ASD (one child, two adolescents and six young adults in the F-HC group 
respectively). In a small sample size like the present one, the relatively wide age 
range across multiple stages of development might be a problematic source of 
possible bias and has to be considered. 
Also, we did not have the advantage of a male study sample counterpart for both 
the ASD-group and the HC-group, which would have provided the opportunity to 
investigate gender differences as well as group differences. The plan for future 
research in our clinic and research team is to include male subjects as well as 
females. 
Additionally, a known weakness concerning the fMRI applies for the present 
study. The BOLD-technique is based on haemodynamic processes, which makes it 
an indirect measure and takes a little time for the fMRI signal to be detected 
(Goebel & van Atteveldt, 2009). Theoretically, fast and short neural responses 
could go unnoticed. This is why we chose to work with pictures as opposed to 
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videos, to be as sure as possible that the BOLD signal we saw was indeed a 
reaction to the provided stimulus. 
All in all, it can be said for certain that more research is needed to further 
investigate gender differences and female peculiarities in ASD.  
 
 
7. Conclusion 
In light of the fact that large parts of the autism research available to date investigates 
boys and men with an ASD diagnosis, the aim of the present study was to add to the 
research examining the peculiarities of girls and women affected by ASD. Inspired by a 
previous study conducted in the research facilities of the University hospital for 
psychiatry and psychotherapy in Marburg, which explored the neural processing of the 
complex social emotion of vicarious embarrassment in male patients with ASD 
compared to a healthy control group, the task was to undertake a similar research 
project including female individuals with autism. 
Results showed that girls and women affected by ASD suffer from impairments when it 
comes to decoding complex social situations, especially when the scenario involves a 
need for mentalizing. They do seem to have effective ways to compensate part of these 
impairments to be able to somewhat function in a social environment, at least during 
everyday routine situations. Also they do feel and express empathy, even though it 
might not come naturally or intuitively as expressed by decreased insular activation. 
 
Future research should continue to focus on female patients with ASD, as we still lack 
knowledge concerning the special features and distinct problems of affected girls and 
women. Despite the very difficult task of finding female participants with an assured 
diagnosis of autism who are willing and able to be part of scientific research, it needs 
to be the aim to reach sample sizes big enough to replicate significant results. More 
study designs comparing female individuals with ASD to healthy controls and 
additionally to males with ASD is needed, to further define the differences between 
males and females with autism. Only by pushing these issues in research, it will be 
possible to adapt diagnostic processes and develop therapy strategies to best support 
and help females with autism. 
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9.1.3 Bryant Index of Empathy (BIE) 
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9.1.4 Kiddie-SADS-PL 
 
 
 
Because of the length of this instrument (241 pages in the German version) 
only the first page is displayed here. The full version is available online for 
download, for example at the following websites. 
 
English Version:  
http://www.psychiatry.pitt.edu/sites/default/files/Documents/assessments
/ksads-pl.pdf 
 
German Version:   
http://adhs-essen.com/PDF/K-SADS_Fragebogen.pdf 
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9.2.2 Study Information – for participants and parents 
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